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(57) [Abstract] 

[Object] To suppress degradation of image quality generated due to a stage 
between a signal from a vertical optical black (hereinafter, "OB") section and a 
signal from a horizontal OB section, to a requisite minimum. Further, to 
10 enlarge a permissible value of a potential difference between the vertical OB 
section and the horizontal OB section, improve the yield of an area sensor, and 
lower the cost. 

[Configuration] In an imaging device that has a signal from a vertical optical 
black area in an output of one field image, the signal from the vertical optical 
15 black area is clamped in only a predetermined field that follows a non-signal 
period. 

[Scope of Claims for Patent] 

[Claim 1] An imaging device that has a signal from a vertical optical 
20 black area in an output of one field image, wherein the signal from the vertical 
optical black area is clamped in only a predetermined field that follows a 
non-signal period. 

[Claim 2] The imaging device according to claim 1 having a gain 
switching function, wherein the clamp operation of the signal from the vertical 
25 optical black area is controlled according to the gain switching. 



[Claim 3] The imaging device according to claim 1 having an autogain 
control (hereinafter, "AGC") function, wherein the clamp operation of the signal 
from the vertical optical black area is controlled according to the AGC 
switching. 

5 [Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The present invention relates to an imaging device, 
and particularly relates to an imaging device having an optical black area 
(hereinafter referred to as an OB section). 
10 [0002] 

[Prior Art] The OB section has a light shielding layer on pixels of the 
same configuration as that of effective pixels. The OB section is provided in 
order to detect a dark current included in an output signal from the imaging 
device and suppress a change in the black level of a video signal due to a 
15 change in the dark current. The OB section is usually provided on the vertical 
OB section and the horizontal OB section. The pixels of the imaging device 
having this OB section will be explained later. 

[0003] Fig. 10 and Fig. 11 are timing charts illustrating a driving pulse and a 
signal output of the imaging device that has the above OB section and the gain 

20 switching function. 

[0004] S1 denotes an output of the vertical OB section, S2 denotes an output 
of the horizontal OB section, and S3 denotes an output of the effective pixel 
portion. S4 denotes a clamp pulse for the vertical OB, and S5 denotes a 
clamp pulse for the horizontal OB. Further, S6 denotes one horizontal period, 

25 and S7 denotes one field period. 
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[0005] In this imaging device, when a non-signal period of a few fields as 
shown by S11 in Fig. 11 is present, and when a sensor output is AC coupled 
and clamp is carried out as illustrated in Fig. 12, for example, the output after 
the clamp is lowered by AV = le/C At using constants t, l B , and C illustrated in 
5 Fig. 11 and Fig. 12 (S12 in Fig. 11). In Fig. 12, 8a and 8b denote npn 

transistors, 9 denotes a capacitor (capacitor C), 10a and 10b denote resistors, 
and 11 denotes a clamp circuit. 

[0006] The reduction in the output after the clamp creates a shading in the 
output in the vertical direction over a few fields as shown by S13 when the 

10 vertical OB section is not clamped as illustrated in Fig. 13. Therefore, 

conventionally, the output S1 of the vertical OB section is clamped according to 
the clamp pulse S4 for the entire fields other than the non-signal period thereby 
stabilizing the output within the vertical OB period S14 and suppressing the 
vertical shading. 

15 [0007] 

[Problems to be Solved by the Invention] However, in the imaging 
device having both the vertical OB section and the horizontal OB section, a 
potential difference as shown by Vdif 16 in Fig. 14 may be present in both the 
vertical and horizontal OB sections which should basically coincide with each 

20 other, from a characteristic problem of the imaging device. Signals from both 
OB sections can be set close to an OB clamp level Vob 15 by clamp. 
Therefore, when the signal from the vertical OB section is clamped, a signal 
after the clamp appears, and a vertical shading as shown by 17 and 18 
appears first in one field as an output, as a result. This blackens an upper 

25 portion of the screen. The conventional example has a disadvantage in that 
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this shading appears in the entire fields. 
[0008] 

[Means to Solve the Problems] An imaging device according to the present 
invention has a signal from a vertical optical black area in an output of one field 
5 image, wherein the signal from the vertical optical black area is clamped in only 
a predetermined field that follows a non-signal period. 
[0009] 

[Operation] The present invention realizes the imaging device that limits 
fields in which a clamp of a signal from the vertical OB section is ON to only a 
1 0 few fields that follow a few fields of a non-signal period, and that switches the 
vertical OB clamp to OFF for unnecessary fields thereby suppressing to a 
minimum level the fields in which a vertical shading occurs. 
[0010] 

[Embodiments] Embodiments of the present invention will be explained in 

15 detail using drawings. 

[0011] An image configuration of an imaging device having the OB section 
and a configuration of a signal reading circuit will be explained first. 
[0012] Fig. 5 is a top plan view of pixels of an imaging device, Fig. 6 is a 
cross-sectional diagram cut along a line XX' in Fig. 5, and Fig. 7 is a 

20 cross-sectional diagram cut along a line YY' in Fig. 5. 

[0013] As illustrated in Fig. 5 to Fig. 7, the pixels have a configuration similar 
to that of a bipolar transistor. The pixels includes an epitaxial layer 2 provided 
on a substrate 1 , a high concentration semiconductor layer 3, a gate oxide film 
4, a gate 5 consisting of polysilicoh of a P-channel metal oxided semiconductor 

25 (PMOS) transistor that isolates between pixels, a surface protection film 6, a 
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vertical output line 7 consisting of aluminum connected to an emitter 9, a light 
shielding layer 8 of a horizontal OB section, and a light shielding layer 12 of a 
vertical OB section. 

[0014] The n-type emitter 9, a p-type base 10, an n-type well 11 that isolates 
5 between horizontal direction pixels, and an n-layer 13 that isolates between 
vertical direction pixels, are formed on the high concentration semiconductor 
layer 3. Light that is incident to the p-type base region 10 of the effective 
pixels cause charge to be accumulated in the p-type base region 10. A part of 
a Cox section of a horizontal drive line controls the potential of the p-type base 
10 region 10, and a signal corresponding to the charge accumulated in the p-type 
base region 10 is output from the emitter 9. 

[0015] Fig. 8 is a circuit diagram illustrating a signal reading circuit of an 
imaging device that has the OB section. Fig. 8 illustrates only one row of a 
pixel string. 

15 [0016] In this drawing, 21 denotes an OB pixel region, 22 denotes an effective 
pixel to which light is irradiated, 23 denotes a terminal to which a reset signal 
<|)r to carry out a resetting and a reading of the sensor pixel portion is input, 24 
denotes a MOS transistor that resets the sensor according to a reset signal 
<|)VC, 28 denotes a MOS transistor that transfers a sensor output signal to a 

20 capacitor C T , 30 denotes a horizontal shift register, 31 denotes a MOS 

transistor that transfers a pixel signal selected by the horizontal shift register 30 
from the capacitor C T to a horizontal signal line 32, 33 denotes a MOS 
transistor that resets the horizontal signal line 32, and 34 denotes an output 
amplifier. 

25 [0017] Fig. 9 illustrates a driving timing of the circuit illustrated in Fig. 8. In 
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Fig. 9, a period T1 denotes a first reset period, a period T2 denotes a second 
reset period, a period T3 denotes an accumulation period, a period T4 denotes 
a period for resetting the capacitor Ct, and a period T5 denotes a period for 
reading the signal of the pixel portion to the capacitor C T . The above timing is 
5 repeated in a cycle T. 

[0018] Next, a signal processing of the imaging device as a characteristic 
portion of the present invention will be explained. 

[001 9] Fig. 1 and Fig. 2 are timing charts of a driving pulse and an output of an 
imaging device according to the first embodiment of the present invention. 
10 Portions identical with those in Fig. 10 to Fig. 14 are assigned with like 
reference numerals. 

[0020] S1 denotes an output of the vertical OB section, S2 denotes an output 
of the horizontal OB section, and S3 denotes an output of the effective pixel 
portion. S4 denotes a pulse for clamping the vertical OB, and S5 denotes a 

15 pulse for clamping the horizontal OB. S6 denotes one horizontal period, S7 
denotes one field period, and S11 denotes a non-signal period. 
[0021] According to the present embodiment, a GAIN switching signal is set to 
GAIN UP (GAIN large) in one field that follows two fields of the non-signal 
period, and is set to GAIN NORMAL (GAIN small) in the remaining fields. In 

20 this case, the vertical OB clamp pulse is applied to only the GAIN UP field after 
the non-signal period. 

[0022] With the above arrangement, a reduction in the potential of AV 
generated during the non-signal period is corrected within the period of S14 
based on the vertical OB clamp at the GAIN UP time. On the other hand, the 
25 vertical OB clamp is not carried out in the remaining fields of the GAIN 
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NORMAL, and therefore, a shading in the former half portion of the field as 
illustrated in Fig. 14 does not occur (Fig. 3). Consequently, a satisfactory 
image quality is realized. 

[0023] Fig. 4 is a timing chart of a driving pulse and an output of an imaging 
5 device according to the second embodiment of the present invention. The 
basic configuration and the pulse timing are the same as those in the first 
embodiment (Fig. 1 and Fig. 2). However, in this embodiment, AGC 
(AutoGain Control) is set to OFF in only one field that follows the non-signal 
period S11 , and AGC is set to ON in the remaining fields. The clamp pulse of 

10 the vertical OB section is applied during only the AGC OFF time after the 
non-signal period thereby correcting the reduction in the potential during the 
non-signal period. Particularly, when AGC is ON in the dark output state, the 
blackening due to the OB stage as illustrated in Fig. 14 is amplified more. 
Therefore, when AGC is ON, setting the vertical OB section clamp to OFF is 

15 effective for picture quality like in the present embodiment. 

[0024] In the above first and the second embodiments, the number of field in 
which the vertical OB clamp is carried out after the non-signal period is set to 
one. However, when a few fields are used, the effect is essentially the same. 
[0025] 

20 [Effects of the Invention] As explained above, according to the present 

invention, in the imaging device that has a vertical OB section, the vertical OB 
section is clamped in only a predetermined field that follows a non-signal 
period. Based on this, degradation of image quality caused due to a stage 
between a signal from the vertical OB section and a signal from the horizontal 

25 OB section can be suppressed to a requisite minimum. Further, as the 
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permissible value of the potential difference between the vertical OB section 

and the horizontal OB section increases, the yield of the area sensor improves, 

and cost can be reduced. 

[Brief Description of the Drawings] 
5 [Fig. 1] Fig. 1 is a timing chart of a driving pulse and an output of an imaging 

device according to the first embodiment of the present invention. 

[Fig. 2] Fig. 2 is a timing chart of a driving pulse and an output of the imaging 

device according to the first embodiment of the present invention. 

[Fig. 3] Fig. 3 is a timing chart of a driving pulse and an output, illustrating an 
10 improvement. 

[Fig. 4] Fig. 4 is a timing chart of a driving pulse and an output of an imaging 

device according to the second embodiment of the present invention. 

[Fig. 5] Fig. 5 is a top plan view of pixels of the imaging device. 

[Fig. 6] Fig. 6 is a cross-sectional diagram cut along a line XX' in Fig. 5. 
15 [Fig. 7] Fig. 7 is a cross-sectional diagram cut along a line YY' in Fig. 5. 

[Fig. 8] Fig. 8 is a circuit diagram illustrating a signal reading circuit of an 

imaging device that has the OB section. 

[Fig. 9] Fig. 9 is a timing chart for explaining about the operation of the signal 
reading circuit illustrated in Fig. 8. 
20 [Fig. 1 0] Fig. 1 0 is a timing chart of a driving pulse and an output according to 
a conventional example. 

[Fig. 11] Fig. 11 is a timing chart of a driving pulse and an output according to 
a conventional example. 

[Fig. 12] Fig. 12 illustrates a circuit section that clamps the OB section. 
25 [Fig. 1 3] Fig. 1 3 is a timing diagram of a driving pulse and an output when the 



8 



vertical OB is not clamped. 

[Fig. 14] Fig. 14 is a timing diagram of a driving pulse and an output, 
indicating a problem. 
[Description of Signs] 
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Output of vertical OB section 


S2 


Output of horizontal OB section 


S3 


Output of effective pixel portion 


S4 


Clamp pulse for vertical OB 


S5 


Clamp pulse for horizontal OB 


10 S6 


One horizontal period 


S7 


One field period 


S11 


Non-signal period 
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[Fig. 1] 

GAIN switching signal 
One field 

Vertical synchronized signal 
5 Horizontal synchronized signal 
Sensor output signal 
(Negative polarity, white output) 
OB clamp pulse 
NTSC output signal 

10 

[Fig. 2] 

GAIN switching signal 

Vertical synchronized signal 

Horizontal synchronized signal 
15 Non-signal period 

Sensor output signal 

(Negative polarity, white output) 

OB clamp pulse 

Output after clamp 
20 NTSC output signal 

[Fig. 3] 

Vertical synchronized signal 
Horizontal synchronized signal 
25 Sensor output signal 
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(Dark output) 

OB clamp pulse 

Amplifier output after OB clamp 

NTSC output signal 
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[Fig. 4] 

Vertical synchronized signal 
Horizontal synchronized signal 
Non-signal period 
1 0 Sensor output signal 

(Negative polarity/white output) 
OB clamp pulse 
Output after OB clamp 
NTSC output signal 

15 

[Fig. 5] 

Horizontal drive line 
Vertical output line 
OB pixel 
20 Effective pixel 
Effective pixel 

[Fig. 6] 
Light 
25 Light 
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OB pixel 
Effective pixel 



[Fig. 8] 

5 Horizontal shift register 
[Fig. 10] 

GAIN switching signal 

One field 
10 Vertical synchronized signal 

Horizontal synchronized signal 

Sensor output signal 

(Negative polarity, white output) 

OB clamp pulse 
1 5 NTSC output signal 

[Fig. 11] 

GAIN switching signal 

Vertical synchronized signal 
20 Horizontal synchronized signal 

Non-signal period 

Sensor output signal 

(Negative polarity, white output) 

OB clamp pulse.- 
25 Output after clamp 
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NTSC output signal 

[Fig. 12] 
Sensor output 
5 Output after clamp 
OB clamp pulse 
Clamp circuit 

[Fig. 13] 
10 GAIN switching signal 

Vertical synchronized signal 

Horizontal synchronized signal 

Non-signal period 

Sensor output signal 
15 . (Negative polarity, white output) 

OB clamp pulse 

Output after clamp 

NTSC output signal 

20 [Fig. 14] 
One field 

Vertical synchronized signal 
Horizontal synchronized signal 
Sensor output signal 
25 (Dark output) 



OB clamp pulse 

Amplifier output after OB clamp 

NTSC output signal 
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